As passive microwave remote sensing data is sensitive to the surface soil moisture, recent satellite mission concepts, like the Soil Moisture and Ocean Salinity (SMOS) mission, to measure the surface soil moisture content with L-band passive microwave sensors will provide global soil moisture information with a high temporal resolution of about 1-3 days. In contrast, the spatial resolution used for the retrieval of the soil moisture from SMOS images will be rather coarse, in the order of tens of kilometres. The provided soil moisture information is therefore integrated over a large area that may be composed of different land covers and soils. Uncertainties of the soil moisture retrieval depend on the accuracy and spatial resolution of ancillary data, like land use information data, which is necessary for the retrieval.
INTRODUCTION
The surface soil moisture content is an important parameter for all water and energy fluxes occurring at the interface between land surface and the atmosphere [1] . As soil moisture is spatially and temporally highly variable, large differences may be observed within a distance of a few meters as well as within a distance of several kilometres. Estimating soil moisture with high temporal resolution at the global scale has potential applications in meteorology, hydrology and climate research [1] .
Active and passive remote sensing methods utilising the microwave region of the electromagnetic spectrum have potential for soil moisture retrieval because of the pronounced effect of the soil dielectric properties on the microwave signal. Numerous theoretical and empirical models have been developed to retrieve surface soil moisture information from active [2] and passive [3] microwave data.
Passive microwave observations allow for large area (global) spatial coverage at high temporal frequencies in the range of days, which allows to better capture the high temporal dynamics of surface soil moisture. Nevertheless, their geometric resolution is currently limited to a couple (tens) of kilometres.
The Soil Moisture and Ocean Salinity (SMOS) mission, to be launched in 2009 will provide frequent coverage of the globe. Although the temporal resolution of the expected images is within 1-3 days, the spatial resolution of the SMOS images used for the retrieval will be in the order of 40 km.
For the soil moisture retrieval from passive microwave data ancillary data like land cover and soil information is necessary. Uncertainties of the soil moisture retrieval depend on the accuracy and spatial resolution of that data. Since the land cover and soil data used for SMOS have to be available on a global scale, it might be interesting to investigate if it is possible to improve the retrieval using better ancillary data available for a specific area. To quantify the impact of using different ancillary data for the soil moisture retrieval from passive microwave data, the sensitivity of the retrieval to different land cover information datasets is investigated.
A coupled SVAT-radiative transfer model is developed to simulate the major water and energy fluxes including soil moisture fields and the resulting microwave emissions as brightness temperatures. The resulting brightness temperature fields are then aggregated to a SMOS-like scale of 40 km and soil moisture fields are retrieved from that data with different land cover maps using an iterative inversion approach based on brightness temperature observations from multiple angles. The results are compared.
Fig 1. Flowchart of data processing and comparison

METHODS
The accuracy of Satellite based retrievals of coarse scale soil moisture relies on the quality of auxiliary data necessary for the retrieval as e.g. land cover or soil maps and on a priori knowledge of surface states like the skin surface temperature (T s ). The heterogeneity of the land surface within the sensor footprint can have considerable effect on the accuracy of the soil moisture retrievals at the coarse scale [4] . Thus, the quality of the auxiliary data describing the land surface heterogeneity can have a direct impact on the resulting soil moisture fields.
In order to evaluate the impact of different land cover maps to the soil moisture retrieval from coarse-scale microwave data, a microwave emission model is used to retrieve soil moisture fields from simulated coarse scale brightness temperature fields in an iterative approach using two different land cover maps. Finally the difference between the two soil moisture retrieval products is compared.
The brightness temperature fields used in this approach were simulated with the above mentioned microwave emission model using input data, e.g. skin surface temperatures and soil moisture fields, produced by a SVAT-model that is coupled to the emission model. These fine scale brightness temperature fields are then aggregated to the sensor-footprint scale of 40 km.
The land cover maps used for the retrieval have to be aggregated as well in order to fit the geometry of the coarse scale brightness temperature fields as the used retrieval algorithm does not work with land cover maps that have a better resolution than the brightness temperatures.
Fig 2. Upper Danube catchment
Before the aggregation they are reclassified to the number of classes for which different microwave emission model parameter sets are available to avoid coarse scale land cover maps that are not representative if several land cover classes have the same parameterization for the microwave emission model.
TEST SITE AND MODELS
The investigations for the present study are made within the Upper Danube catchment situated in Southern Germany and parts of Austria and Switzerland (Figure 2 ). The test site is an anchor test site for the calibration and validation of SMOS data products. Detailed information about the test site can be found in [4] .
For the investigations a hydrological model was coupled with a microwave emission model in order to be able to model the soil moisture and temperature fields as well as the resulting microwave emissions in the L-Band for the entire catchment. As a hydrological model the Process Oriented Multiscale EvapoTranspiration model (PROMET) is used to simulate fields of land surface states on a 1 km grid with hourly resolution over the Upper Danube river basin (A=77.000 km2). The model has been extensively validated in different geographic locations in the world using evapotranspiration measurements of micrometeorological stations at the local scale and by comparison with thermal remote sensing informations at the regional scale. A detailed description of the model physics is given in [5] . The model is based on high resolution GIS and meteorological forcing data as input for the calculations and produces the parameters canopy, surface and soil temperature and intercepted water that the microwave emission model needs as an input. The microwave emission model coupled to PROMET is the zero-order -radiative transfer model [6] , which is also part of ESA's SMOS Level 2 soil moisture processor. It is used to simulate high resolution microwave emissions as brightness temperatures using, among other things, the soil moisture fields, and temperatures coming from PROMET. The effects of soil and vegetation on the measured brightness temperature with horizontal and vertical polarization (p=h,v) are given by:
The reflectivity of a rough soil, , is typically described as 
ANALYSIS AND RESULTS
The first of the two land cover maps used for the analysis is the land cover map used with the PROMET model that has been tested and validated in many studies [4] . It has a resolution of 1 km. The other map is the ECOCLIMAP, which is globally available and the standard land cover map used within the SMOS Level 2 soil moisture processor, it is described in detail in [7] . The resolution of the latter is also 1km. The analysis is done for the months April to October of a 2-year period in 2002 and 2003 and consists of the following steps (Figure 1 ):
1. Coupling of the PROMET model with a microwave emission model that uses the PROMET output to simulate L-band brightness temperatures T b at 1 km resolution with 5 different incidence angles (10°, 20°, 30°, 40°, 50°).
2. Aggregation of these brightness temperatures to the sensor footprint scale of 40 km.
3. Retrieval of coarse scale soil moisture using an iterative inversion approach [4] based on the 5 incidence angles with two different land cover maps. The comparison of the two soil moisture retrieval products is done by calculating the rms error between the two retrieval results over the 2 year period including only the months from April to October since the microwave emission model does not account for snow. The frequency distribution of the resulting rms error map is presented in figure 1 . Best performance, thus low rms error of the retrieval, is mainly achieved in areas that are alpine and subalpine. Here, there are big homogenous areas with rocks, coniferous forests and grassland which have the same land cover classes in both maps used for the soil moisture retrieval. This is the case for nearly 45 % of the catchment in the southern and north-eastern parts. Highest rms errors are observed especially in densely populated lowland areas with a lot of different types of land covers like crops, grassland, forests and settlements, which can be explained by very small scale variations of land cover that can easily result in different effects of the aggregation to the two land cover maps. The rms errors in such areas are relatively high with values of about 10 to 17 vol % which can be explained with big uncertainties when the retrieval of a 40 x 40 km pixel is made using only one land cover parameterisation for the microwave emission model. In some parts of the catchment even big lakes and cities exist that do not appear in the aggregated land cover maps that only contain the majority land cover class per pixel. The mean rms error of the whole catchment is 8.20, the standard deviation of the rms error is 7.62.
CONCLUSION
The presented paper investigated the impact of using different land cover maps for the coarse scale soil moisture retrieval from SMOS-scale brightness temperature fields in the upper Danube catchment. A two-year analysis of retrieved soil moisture fields reveals that the land cover map used in the retrieval has a considerable effect on the produced soil moisture fields and on such a coarse scale the two maps used have considerable differences in some areas, whereas in others they are very similar. Using subscale land cover informations with a 1 km resolution instead of aggregated land cover maps could possibly improve the retrieval and reduce the differences between the two retrievals. As such an approach is also used in the SMOS Level 2 soil moisture processor further research should investigate that.
